The antibiotic efrotomycin (I), C,S9H,,N.,O2o, was isolated from cultures of Nocardia lactamdurans as an amorphous yellow powder. Mass spectral and NMR analyses show that the compound is a glycoside of the known antibiotic aurodox (II), C"H"2N30,.,.
Ozonolysis and hydrolysis of I produced the disaccharide V, 6-deoxy-4-O-(6-deoxy-2,4-di-O-methyl-a-Lmannopyranosyl)-3-O-methyl-,s-D-allopyranose.
This disaccharide is attached to the 4-hydroxyl group of the hexahydropyran substructure of aurodox via a i3-linkage to C-1 of the allose.
The discovery of efrotomycin in cultures of Nocardia lactanldurans has been reported from our laboratories" 2). In the following we wish to communicate the data which define structure I of the antibiotic.
Preparative silica gel TLC in methylene chloride -methanol -concd ammonium hydroxide (80: 20: 2) gave a light yellow, slightly deliquescent, amorphous powder of Rf 0.2, whose UV absorption spectrum in methanol -0.05 M phosphate buffer (pH 6.84) (20: 80) showed nm (logs) 219 (4.78), 230 (4.77), 325 (4.57), analogous to, but of lower intensity than, those of aurodox, II (also known as antibiotic X51083' or goldinodox"'). The 1H NMR spectra of I ( Fig. 1 FD mass spectra showed peaks up to m/z 1,167.4 (C59H,,N2O20 Na+); Anal Calcd for C59H99N2O20- A mass spectral fragment of underivatized II at m/z 296, assigned to the previously described", thermally generated lactone III, was found at m/z 630 in the spectrum of underivatized I. The difference in elemental composition between these two fragments, C,,H,S0,, is equal to the difference in elemental composition between I and II. The NMR data given above suggested a disaccharide substituent consisting of two 6-deoxyhexose subunits carrying one and two 0-methyl groups, respectively. The complete interpretation of the 300 MHz NMR spectra of an efrotomycin derivative will be discussed later in this paper.
The lactone disaccharide degradation product IV was obtained by dissolving efrotomycin in glacial Table 2 ; 1H NMR (CDCI,) see Table 3 . The mass spectral and NMR data establish the structure III: R=H IV: R=C15H210, (as for I) 16) is assumed on the basis of very similar 13C NMR spectra of the two compounds (see Table 1 ).
Examination of the 1H NMR characteristics of 4-pivaloylefrotomycin at 300 MHz made it possible Table 3 . 'H NMR data for disaccharide triacetate VI*.
C-6' and 6" CH, CH.,CO to assign virtually all non-labile proton resonances as shown in Table 4 and Fig. 2 with the help of double irradiation experiments and solvent changes.
Although the N-methyl and the four methoxyl signals have not been identified with certainty, distinctive chemical shifts, relaxation behavior and solvent effects provided the basis for preferred assignments. The unique, high field methyl peak at 6 3.18 is associated with the 43-OCH3 (/3 to the tetrahydrofuran ring) because the nearby 20-H and 42-CH3 resonances were displaced significantly upfield from their normal positions. It is thus reasonable to infer that the long-range shielding source responsible for shifting the 42-CH3 and 20-H would also affect the neighboring methoxyl. Several partially relaxed spectra provided useful information in revealing that the methyl peaks at 3.50 and 3.56 have distinctly longer relaxation times than the remaining three members of the group. Since longer relaxation times correlate with increased mobility, these signals were best assigned to the two methyls least subject to motional restriction, namely the pyridone N-methyl and the 4"-methoxyl. Supportive evidence for this view was indicated by the uncommonly long relaxation times for the proximate H-4" and the pyridone nuclear protons relative to the other sugar and vinyl protons, respectively. The large 0.8 ppm upfield displacement in benzene solution of the peak, which in chloroform is observed at 6 3.56, is a strong argument for associating it with the pyridone N-methyl group.
It corresponds closely to the 0.70 ppm upfield shift which we observed for N-methyl-5-chloropyridone in benzene as compared to chloroform solution, and is furthermore consistent with analogous chemical shift changes, which have been reported for N-methyl lactams'". The 0.4 ppm upfield shift of the signal at i 3.50 would be unusually small for the N-methyl group; the signal is therefore better assigned to the 4"-methoxyl group.
An attempt to identify the remaining two methoxyl signals at 6 3.58 and 3.63 via NOE experiments proved fruitless. Double irradiation at either frequency failed to affect the nearby H-1", H-4" or H-1' signals.
In addition to H-4", the 4"-OCH3 and NCH, groups, other proton types characterized by long relaxation times and hence relatively high mobility are H-3", H-5", H-36 and the 39-methyl protons.
Conversely, the 43-methoxyl group being close to a shielding moiety and, by implication, in a crowded environment restricting its mobility, has the shortest relaxation time of the set of methoxyls. The two methyls, at C-32 not surprisingly, also exhibit short relaxation times. It should be noted that all of these qualitative inferences on the dynamics are easily rationalized in terms of the molecular geometry.
Except for the amide NH signal at 6 5.96, the active hydrogens appear as broad, featureless peaks in chloroform, acetone and benzene, which make them unusable for identification.
In conclusion, efrotomycin is described as the 31-(6-deoxy-4-O-(6-deoxy-2,4-di-O-methyl-a-Lmannopyranosyl)-3-O-methyl-,S-D-allopyranosyl) derivative of aurodox and the only glycosylated representative of this structural type of antibiotics. Recent publication of a synthesis of efrotomycin is in support of these findings18,19).
Besides aurodox, its N-demethyl analog mocimycin20) (probably identical with kirromycin21) and ppm azdimycin22), dihydromocimycin23), heneicomycin24l, factumycin25', kirrothricin28l, A73A27) and L-681,21728) (lacking a pyridone moiety) have been described.
